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I  INTRODUCTION 

- — ^As  part  of  the  United  States  contribution  to  the  First  CARP  Global  Experi¬ 
ment,  an  array  of  automatic  data  buoys  was  established  in  the  Arctic  Basin  early 
in  1979.  The  objectives  of  the  buoy  program  were  to  provide  measurements  of 
surface  atmospheric  pressure  over  the  basin  and  to  define  the  large  scale  field 
of  motion  of  the  sea  ice.  This  report  begins  with  an  overview  of  the  measure¬ 
ment  program  and  the  data  processing  procedures.  This  overview  is  followed  by  a 
presentation  of  processed  data  in  two  forms.  The  first  consists  of  the  time 
series  of  position,  pressure,  and  temperature  for  each  buoy,  in  tabular  form. 

The  second  consists  of  charts  of  surface  pressure.  In  addition  to  the  isobars, 
these  charts  display  the  daily  ice  displacements.  For  both  the  tabular  and 
graphical  data  the  reporting  interval  is  one  day. 

The  report  covers  the  period  19  January  1979,  when  the  first  buoys  were 
deployed,  through  31  December  1979.  Many  of  the  buoys  continued  to  operate  well 
into  1980,  and  in  April  1980  thirteen  new  buoys  were  deployed.  It  is  planned  to 
maintain  the  measurement  program  at  about  this  level  for  several  more  years. 

Raw  data  from  the  measurement  program  are  available  in  real  time  on  the 
Global  Telecommunications  System  of  the  World  Meteorological  Organization.  An 
appendix  to  this  report  describes  the  processed  data  sets  which  are  available 
to  interested  users., 

II  MEASUREMENT  PROGRAM 
II . 1  Buoy  Description 

The  buoy's  basic  internal  components  were  a  radio  transmitter,  some  timing 
and  coding  logic,  a  pressure  sensor,  a  temperature  sensor,  and  a  battery  power 
supply.  These  were  contained  in  a  spherical  hull  of  62  cm  radius  (Brown  and 
Kerut,  1978). 

The  buoys  were  dropped  by  parachute  from  C-130  (Hercules)  aircraft  at  desig 
nated  latitudes  and  longitudes.  Since  many  of  the  drops  were  made  in  the  dark 
or  during  cloudy  weather,  no  attempt  was  made  to  select  the  kind  of  ice  they 
landed  on.  It  is  possible  that  a  buoy  may  have  landed  in  an  open  lead  or  on  a 
high  pressure  ridge,  but  the  more  reasonable  assumption  is  that  the  buoys  were 
situated  on  sea  ice  within  a  meter  or  so  of  sea  level.  During  the  winter,  the 
buoys  were  probably  partially  covered  by  drifting  snow.  During  summer  some  buoy 
may,  at  times,  have  been  afloat  in  shallow  melt  ponds  on  the  sea  ice  surface, 


Five  buovs  did  not  survive  the  deployment.  In  two  cases  the  device  which 
disconnects  the  buoy  from  the  parachute  upon  impact  with  the  ice  surface  fired 
prematurely  causing  the  buoy  to  crash.  Reasons  for  the  other  three  failures  are 
not  known.  Of  the  sixteen  buoys  which  survived  deployment  in  the  spring  of  1979, 
eleven  operated  through  the  end  of  the  year.  Three  more  buoys  were  deployed 
during  the  fall  of  1979.  The  approximate  trajectory  of  each  buoy  is  depicted 
in  the  frontispiece. 

At  one  minute  intervals  each  buoy  transmitted  a  message  of  one  second  dura¬ 
tion  consisting  of  the  buoy's  identification  code,  and  the  measured  pressure  and 

temperature.  These  data  were  received  by  the  TIROS-N  and  NOAA-A  satellites  when 
a  satellite  was  within  radio  view  of  the  buoy.  The  satellites  had  an  orbital 
period  of  about  102  minutes.  Since  they  were  in  nearly  polar  orbits,  they  saw 
high  latitude  buoys  on  every  orbit.  A  satellite  could  see  a  given  buoy  for 
between  10  and  20  consecutive  minutes.  The  10  to  20  messages  received  during 
this  period  were  compared  with  each  other.  All  of  these  messages  were  not 
identical  since  the  actual  pressure  and  temperature  usually  changed  measurably 
over  20  minutes  and  since  there  was  some  noise  in  the  radio  link.  Typically, 
several  of  the  messages  were  identical.  The  message  from  each  orbit  with  the 
most  identical  repetitions  was  selected  as  the  best  measurement  and  the  others 
were  ignored.  In  this  way  each  buoy  produced  about  fourteen  measurements  of 
pressure  and  temperature  per  day  early  in  the  year  when  only  one  satellite  was 
operating,  and  somewhat  more  when  both  satellites  were  operating. 

The  frequency  of  the  radio  signal  received  at  the  satellite  was  Doppler 

shifted  because  of  the  relative  motion  between  the  satellite  and  the  buoy. 

Measurements  of  the  variation  in  this  frequency  during  the  satellite  pass  could 
be  related  to  the  change  in  distance  between  the  buoy  and  satellite  and,  with 
the  known  orbit  of  the  satellite,  sufficed  to  determine  the  location  of  the  buoy. 

The  buoy  messages  were  retransmitted  by  the  satellite  to  receiving  stations 
on  the  earth,  and  relayed  to  Service  Argos  in  Toulouse,  France.  There  the  buoy 
messages  were  decoded,  the  pressure  and  temperature  readings  were  converted  into 
physical  units,  and  the  buoy  locations  were  determined.  Data  were  distributed 
over  the  Global  Telecommunications  System  by  Service  Argos  with  a  time  lag  of 
about  4-5  hours  from  the  time  of  measurement.  A  magnetic  tape  containing  all 
data  from  these  buoys  was  forwarded  by  Service  Argos  each  month  to  the  Polar 
Science  Center. 


The  accuracy  of  the  position  measurements  was  determined  by  examining  800 
fixes  from  buoy  1921  which  was  permanently  situated  at  the  weather  station  at 
Barrow,  Alaska.  Two-thirds  of  the  measured  latitudes  and  longitudes  fall  within 
a  circle  of  300  m  radius  centered  at  the  true  location.  Very  few  fixes  are 
reported  with  large  errors  (greater  than  10  km  say).  This  reflects  a  careful 
screening  of  the  data  by  Service  Argos  before  it  is  disseminated.  The  screening 
process  reduces  the  number  of  position  measurements  to  about  10  per  buoy  per  day 
per  satellite. 

II . 2  Pressure  Measurements 

The  pressure  sensor  used  in  the  buoy  was  a  quartz  beam  which  oscillates  at 
a  resonant  frequency  dependent  primarily  on  the  pressure  and  to  a  lesser  extent 
on  the  temperature.  These  sensors  were  selected  because  of  their  good  long  term 
stability  and  low  power  consumption.  For  properly  aged  sensors  the  advertised 
long  term  stability  is  on  the  order  of  0.1  mb  per  year,  (Paros,  1976).  Several 
attempts  were  made  to  evaluate  the  field  performance  of  the  sensors.  Before 
describing  the  results  of  these  attempts  a  word  about  the  original  calibration 
procedure  is  required. 

The  sensors  were  calibrated  by  the  manufacturer  (Paroscientific ,  Redmond, 
Washington)  by  measuring  the  frequency  of  vibration  of  the  quartz  beam  at  pres¬ 
sures  900  mb,  950  mb,  1000  mb,  1050  mb  and  at  temperatures  -50°C,  -30°C,  -15°C, 
0°C,  21°C.  These  measurements  were  made  in  the  fall  of  1978,  and  were  supplied 
to  the  buoy  manufacturer  (Polar  Research  Laboratory,  Santa  Barbara,  California) 
with  the  sensors.  In  the  buoy,  the  pressure  measurement  was  made  by  counting 
the  sensor  frequency  for  a  time  interval  determined  by  a  fixed  number  of  cycles 
of  the  buoy  clock.  Since  this  clock  was  also  temperature  dependent,  it  was 
calibrated  by  the  buoy  manufacturer  at  the  same  set  of  temperatures.  Thus  the 
measured  number  of  cycles  n  at  pressure  p  and  temperature  T  was 

n  =  g(T).f(p,T) 

where  g  was  the  time  interval  and  f  was  the  sensor  output  frequency. 

The  temperature  was  determined  using  a  thermistor  inside  the  housing  of  the 
pressure  sensor,  the  output  m  of  which  was  related  to  the  temperature  by 

m  =  h(T). 

Thus,  given  the  measurements  m  and  n  and  the  calibration  data  f,  h,  and  g, 
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supplied  by  the  manufacturers,  it  was  possible  to  invert  these  equations  to  find 
the  pressure  and  temperature.  This  was  done  by  the  buoy  manufacturer  and 
resulted  in  a  polynomial  expression  which  fit  the  original  pressure  data  to 
within  about  0.2  mb. 

T  =  P } (m) 
p  =  P  2  ( n ,  T  ) 

As  a  check  of  this  procedure  the  manufacturer  made  readings  from  the  com¬ 
pleted  buoys,  calculated  the  pressures  and  compared  these  against  a  reference 
mercurial  barometer.  In  most  cases  the  results  agreed  to  within  0.5  mb.  Where 
larger  discrepancies  occurred ,  a  correction  was  applied  to  the  constant  term  in 
the  polynomial.  These  polynomials  were  supplied  to  Service  Argos  and  were  used 
by  them  to  convert  the  raw  data  into  physical  units. 

Most  of  the  buoys  were  tested  again  in  Fairbanks,  Alaska  immediately  prior 
to  deployment.  Results  from  these  tests  indicate  discrepancies  between  the  buoys 
of  up  to  2.5  mb  (see  Figure  1).  These  errors  must  either  be  attributed  to  errors 
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Figure  lb.  Buoy  pressure  comparisons  made  at  Fairbanks  International  Airport, 
,just  prior  to  deployment.  Pressure  for  buoys  1905,  1906,  1907,  1909,  1910, 
1913,  1914,  1916,  1918,  1924,  1927,  and  National  Weather  Service,  corrected 
to  runway  level,  indicated  by  the  stars.  Temperature  -35°C. 
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Figure  la.  Buoy  pressure  comparisons  made  at  Fairbanks  International  Airport , 
just  prior  to  deployment.  Pressure  differences  for  buoys  1908 ,  1915,  and 
1926 . 

in  the  original  calibration  data  represented  by  g,  f,  and  h  or  to  actual  changes 
in  the  characteristics  of  the  sensors  or  buoy.  Although  the  first  possibility 
cannot  be  ruled  out,  a  review  of  the  original  pressure  calibration  measurements 
embodied  in  f  only  turned  up  one  error  (for  buoy  1913)  and  it  had  only  a  minor 
effect.  A  thorough  test  of  the  second  possibility  would  have  required  repeated 
visits  to  each  of  the  buoys,  and  this  was  not  possible  for  logistic  reasons. 
Several  isolated  pieces  of  evidence  are  available  however. 

The  only  long  term  comparison  was  for  the  reference  buoy  at  Barrow.  If 
the  reported  pressures  from  the  buoy  are  interpolated  to  the  synoptic  time  inter¬ 
vals,  they  can  be  compared  to  the  readings  reported  for  the  Barrow  weather 
station.  The  weather  service  readings  were  made  from  an  aneroid  barometer, 
checked  periodically  against  a  mercurial  barometer,  and  adjusted  to  sea  level. 

The  reference  buoy  was  located  on  top  of  the  weather  station  at  an  elevation 
of  about  9  m  above  sea  level.  Generally  buoy  readings  were  not  adjusted  to  sea 
level,  but  for  the  sake  of  this  comparison  1.0  mb  was  added  to  the  reference 
buoy  readings.  When  this  adjustment  was  made  the  pressure  indicated  by  the  buoy 
during  the  spring  of  1979  was  0.8  mb  lower  than  the  pressure  reported  by  the 
weather  service.  A  random  variation  of  lo  =  0.15  mb  was  superimposed  on  this 
steady  bias  of  -0.8  mb.  The  precision  of  the  readings  (1  count  =  0.15  mb) 
accounts  for  the  random  fluctuations.  A  similar  comparison  in  the  fall  of  1979 
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gave  a  bias  of  -1.0  mb  and  lo  =  0.15  mb.  There  is  evidence  then  that  this 
sensor  has  drifted  0.2  mb  over  a  seven  month  period. 

On  three  occasions  it  was  possible  to  visit  buoys  after  they  were  de¬ 
ployed.  On  29  April  79,  a  flight  was  made  from  the  drifting  station  Fram  I  to 
the  vicinity  of  buoy  1916.  The  pressure  reported  by  the  buoy  was  0.7  mb  lower 
than  the  value  read  on  the  portable  reference  barometer.  This  was  not  consistent 
with  the  apparently  high  reading  of  this  buoy  at  Fairbanks. 

On  25  May  79,  buoy  1903  was  only  20  km  from  the  drifting  station  LOREX  - 

Snowsnake.  The  pressures  reported  by  the  buoy  and  by  the  observers  at  Snowsnake 
agreed  to  within  0.1  mb.  This  was  consistent  with  the  negligible  offset  ob¬ 
served  for  this  buoy  at  Fairbanks. 

On  11  December  79  a  flight  was  made  to  the  vicinity  of  buoy  1908.  The 

results  show  this  buoy  reading  about  1.5  mb  low,  and  this  was  consistent  with 

measurements  made  at  Fairbanks  ten  weeks  earlier. 

It  was  possible  to  monitor  the  behavior  of  the  buoy  clock — which  figures 
into  the  calibration  through  the  function  g(T) — without  visiting  the  buoys. 

This  was  because  the  buoy  transmission  times  were  determined  by  this  clock.  A 
change  in  the  clock  frequency  results  in  a  change  in  the  time  interval  between 
transmissions.  The  times  of  reception  were  recorded  by  the  satellite  and 
reported  with  the  data  from  Service  Argos  with  a  resolution  of  one  second. 

Since  the  temperature  is  also  known,  it  is  possible  to  test  the  function  g(T) . 

The  results  of  tests  which  were  done  for  most  buoys  indicated  that  the  buoy 
clock  varied  with  temperature  in  a  manner  which  was  consistent  with  its  original 
calibration  (see  Figure  2) . 

In  summary,  the  evidence  which  bears  on  the  performance  of  the  pressure 
sensors  is  not  entirely  consistent.  Nevertheless  the  bulk  of  the  evidence  sug¬ 
gests  that  the  sensors  sustained  offsets  of  typically  1  mb  subsequent  to  their 
initial  calibration  but  prior  to  deployment  and  that  these  offsets  remained 
constant  thereafter.  The  corrections  in  Table  I  have  been  applied  to  the  data 
based  on  this  interpretation.  Since  the  level  of  confidence  in  these  corrections 
is  low,  the  data  must  be  used  with  the  understanding  that  unknown  biases  of  about 
1  mb  are  probable. 
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Figure  2.  Clock  frequency  versus  temperature  for  buoy  1902 s  shoving  agreement 

between  the  manufacturer's  original  clock  calibration  and  that  deduced  from 
reception  times  after  deployment. 


TABLE  I.  Corrections  applied  to  the  pressure  and  temperature  readings. 


Buoy  ID 

1901 

1906 

1907 

1908 

1909 

1913 

1914 

1915 

1916 

1918 

1919 

1926 

Pressure 
Correction  (mb) 

0.8 

-1.1 

1.5 

-0.6 

-1.5 

-0.4 

0.3 

-0.5 

-1.2 

-0.8 

0.8 

Temperature 
Correction  (°C) 

+6 . 4 

No  corrections  were  applied  to  buoys  1902,  1903,  1905,  1911,  1917,  1920,  1923, 
1924,  1925,  or  1927. 
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I I .  3  Temperature  Measurements 

As  noted,  the  temperature  sensor  was  intended  primarily  to  monitor  the 
temperature  of  the  pressure  sensor.  No  attempts  were  made  to  verify  the  abso¬ 
lute  accuracy  of  the  temperature  reading.  Even  in  the  absence  of  measurement 
and  calibration  errors,  the  interpretation  of  this  temperature  is  difficult. 

It  emphatically  was  not  the  ice,  snow,  or  air  temperature.  It  was  the  tempera¬ 
ture  inside  the  buoy,  and  consequently  integrated  the  ice,  snow  and  air  tempera¬ 
ture,  and  the  long  and  short  wave  length  radiative  fluxes  and  cooling  by  the 
wind.  The  buoy  temperature  is  believed  to  have  been  within  a  few  degrees  of  the 
ambient  air  temperature  even  during  periods  of  direct  solar  radiation  (Martin 
and  Clarke,  1978).  A  strong  diurnal  cycle,  present  in  the  raw  data,  especially 
during  the  spring,  is  suppressed  in  the  daily  averages  reported  below. 

Buoy  1906  gave  anomolously  low  temperatures  in  the  Fairbanks  test — a 
result  also  apparent  in  data  after  deployment.  A  correction  of  +6.4°C  has 
been  made  to  that  buoy. 

Ill  DATA  PROCESSING 

The  processed  data  set  consists  of  estimates  of  atmospheric  pressure,  tem¬ 
perature,  and  ice  velocity  at  a  fixed  grid  of  points  in  space  and  at  3  hour 
intervals  in  time.  For  a  more  complete  description  of  the  data  set,  see  the 
appendix.  The  essential  steps  in  the  processing  were  i)  editing  the  raw  data 
to  remove  large  errors,  ii)  interpolating  the  edited  pressure,  temperature,  and 
location  time  series  for  each  buoy,  iii)  merging  the  pressure  and  temperature 
with  pressure  and  temperature  data  from  other  high  latitude  weather  stations, 
and  iv)  interpolating  to  a  fixed  grid  in  space. 

II I .  1  Editing 

Because  of  the  majority  voting  procedure  for  pressure  and  temperature  and 
the  quality  control  which  Service  Argos  applied  to  the  position  data,  the  raw 
data  series  had  few  obvious  errors.  Each  one  month  time  series  of  each  variable 
for  each  buoy  was  scanned  for  outlying  points  and  those  detected  were  deleted. 

No  attempt  was  made  to  determine  the  reason  for  the  outlying  points  or  to  try 
to  correct  them.  Plots  of  the  edited  data  permitted  a  visual  quality  check 
before  further  processing  was  done. 
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111. 2  Interpolation  In  Time 

The  pressure  and  temperature  data  were  interpolated  linearly  to  the 
synoptic  times  0000  GMT,  0300  GMT,  ....  2100  GMT.  This  interpolation  introduced 
additional  error  into  the  pressure  and  temperature  data.  For  the  typical  inter¬ 
polation  interval  of  about  two  hours  the  added  errors  in  pressure  were  ±0.01  mb. 
In  the  extreme  and  rare  case  of  interpolation  over  24  hours,  the  added  error 
was  about  ±2  mb.  In  the  event  of  a  gap  in  the  raw  data  exceeding  two  days,  no 
interpolations  were  made. 

The  procedure  for  interpolating  the  position  data  to  the  synoptic  times 
used  Kalman  smoothing  techniques  similar  to  those  described  in  Thorndike  and 
Cheung,  1977.  Typical  estimation  errors  were  ±300  m  for  position  and  ±1  cm 
sec-1  for  velocity.  When  the  data  were  sparse  the  estimation  errors  were 
substantially  greater. 

111. 3  Merging  with  Land  Station  Data 

Data  from  about  70  high  latitude  weather  stations  were  received  from  the 
National  Weather  Service  and  added  to  the  buoy  data  set  (see  Figure  3),  Some 
editing  was  required  for  these  data,  and  some  interpolation  in  time  was  neces¬ 
sary  to  fill  gaps  of  less  than  two  days.  Stations  with  a  reporting  gap 
exceeding  two  days  were  dropped  from  the  data  set  for  the  month  in  which  the 
gap  occurred. 

111. 4  Interpolation  in  Space 

For  this  report  fields  of  atmospheric  pressure  and  temperature  were  con¬ 
structed  by  interpolation  to  a  fixed  grid  of  points  (<f> » X ) ,  where  the  latitude 
<f>  assumed  the  values  70°N,  72°N,  ...,  90°N  and  the  longitude  X  assumed  the 
values  0°,  10°E,  ...,  350°E  as  shown  in  Figure  3. 

The  interpolation  algorithm  follows  the  optimal  interpolation  theory  of 
Gandin,  1965.  Assuming  a  priori  knowledge  of  certain  statistical  properties  of 
the  field  being  interpolated,  the  theory  provides  weighting  coefficients 
a^,  i  =  1,  ...,  N.  These  are  used  to  construct  the  interpolated  value  p  at  the 
point  (x,y)  in  terms  of  the  available  measurements  p^,  i  =  1,  . . . ,  N  at  the 
points  (xi,y.)  i  =  1,  ...,  N.  Without  loss  of  generality  the  field  is  assumed 

to  have  zero  mean.  The  estimator  p  is  given  by 

N 

P  =  .£  (1) 

i=l  i  i 
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Figure  3.  Interpolations  of  pressure  and  temperature  are  made  to  the  grid 
points  indicated  by  the  symbols  0  and  +  .  The  grid  is  2°  in  latitude  by 
10°  in  longitude.  Interpolations  of  ice  velocity  (not  reported  here)  are 
made  only  to  the  +  grid.  The  locations  of  land  weather  stations  used  in 
the  interpolation  of  pressure  and  temperature  are  denoted  by  the  stars. 
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For  some  purposes  it  is  useful  to  have  estimates  of  the  spatial  derivatives 
of  the  pressure.  These  are  required  for  instance  to  estimate  the  geostrophic 
wind.  From  equations  4  it  follows  that 


and 


Ip  _ 

3x  ”  3x 


R  +  —  I 

q2 


-1 


lip  _  i£i 

3x2  3X2 


(5) 


since,  of  the  quantities  on  the  right  hand  side,  only  S  depends  on  the  position 
(x,y).  Thus  one  obtains  estimates  of  the  spatial  derivatives  simply  by  replacing 
the  vector  S  in  equation  4  by  3S/3x,  3S/3y,  32S/3x2,  32S/3x3y,  32S/3y2,  etc., 
as  appropriate. 

It  remains  to  specify  the  autocorrelation  function  which  appears  in  R  and 
S,  q2,  the  variance  of  p,  and  a2,  the  variance  of  the  measurement  error.  Several 
authors  have  discussed  the  form  of  the  spatial  autocorrelation  function  for 
atmospheric  pressure  (see  for  example  Julian  et  al.,  1975).  Since  these  studies 
have  been  based  on  mid-latitude  data,  a  modest  effort  was  undertaken  to  define 
an  appropriate  function  for  high  latitudes.  The  sample  cross  correlation  of 
pressure  at  two  buoys  is  seen  to  depend  on  the  distance  between  them  as  sketched 
in  Figure  4.  Several  conclusions  were  drawn  from  the  study.  First,  correlations 
typically  fall  to  near  zero  at  a  distance  of  1000  to  2000  km.  Second,  for  some 
months  a  negative  lobe  in  the  correlation  function  was  strongly  indicated. 

Third,  there  was  large  scatter  in  the  sample  correlations.  Fourth,  there  were 
large  differences  from  month  to  month. 

Tests  with  different  forms  of  the  autocorrelation  functions  and  different 
length  scales  indicated  that  the  resulting  interpolated  fields  were  not  sensi¬ 
tive  to  the  assumed  autocorrelation.  For  that  reason  and  because  the  sample 
autocorrelation  function  was  not  particularly  well  defined,  we  chose  the  simple 
isotropic  model 

R(d)  =  exp  -  (d/L)2  , 

where  d  is  the  separation  distance,  and  L  was  taken  as  1500  km. 


13 


1.0 

o.  a 


0.6  r 


K 

s 

Cj) 

o 

XT 

O 

*?■* 

t2 

S 

s. 

o 

t> 


0.4 


0.  2  i- 


-0.2  j- 


-0.4 


August  1979 


_ i _ i — 

500  1000 


separation  (km) 

•  *i _ __j _ ! _ I _ 

.1500  2000  .  2500 


-0.6 


Figure  4.  Sample  correlation  coefficients  for  pairs  of  buoys  during  August  79, 
versus  separation  between  buoys.  4s  noted  in  the  text,  there  were  marked 
differences  in  the  sample  correlations  from  one  month  to  the  next.  This 
figure  is  not  necessarily  representative  of  data  from  other  months. 


The  sample  autocorrelations  for  temperature  were  even  noisier  than  those 
for  pressure,  and  it  was  not  possible  to  discern  with  confidence  any  underlying 
structure.  For  convenience  the  temperature  and  pressure  were  assumed  to  have 
the  same  autocorrelation  function. 

Only  the  ratio  of  measurement  error  variance  to  signal  variance  a2/q2  is 
needed  in  equations  4.  In  the  present  application  the  measurement  errors  are 
about  la  =  2  mb  and  1°C.  These  numbers  reflect  errors  which  at  any  particular 
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station  can  be  regarded  as  biases,  roughly  constant  in  time,  but  which  across 
the  array  of  stations  are  properly  treated  as  random  errors  with  zero  means. 

The  actual  pressure  and  temperature  signals  over  the  region  are  characterized 
by  variations  of  order  lq  ;  10  mb  and  5°C.  Thus  the  ratio  o‘°/q2  is  small  com¬ 
pared  to  unity,  and  the  interpolated  results  are  insensitive  to  the  values 
assigned  to  the  ratio.  The  value  o2/q2  =  0.04  was  used  for  interpolating  the 
pressure  and  temperature  fields. 

In  the  optimal  interpolation  procedure  the  number  of  measurements  N  used 
to  estimate  p  at  a  particular  grid  point  need  not  equal  the  total  number  of 
measurements.  In  fact,  experience  of  others  typically  has  been  that  selecting 
measurements  from  only  those  stations  most  highly  correlated  with  the  grid  point 
(i.e.,  the  closest  ones)  tends  to  give  better  interpolation.  It  also  reduces 
the  computational  burden.  N  =  10  was  used  here. 

Associated  with  each  grid  point  is  a  constellation  of  10  measurement  sta¬ 
tions  used  in  the  interpolation.  When  this  constellation  is  unchanged  from  one 
grid  point  to  the  next,  the  weights  and  therefore  the  interpolated  fields 
have  a  smooth  variation  guaranteed  by  the  smoothness  of  the  assumed  autocorrela¬ 
tion  function.  When  the  constellation  changes,  discontinuous  changes  occur  in 
the  weights  associated  with  the  measurement  stations  which  are  either  added  or 
deleted.  The  effects  of  these  discontinuous  changes  in  the  weights  are  hardly 
perceptible  in  the  pressure  (or  temperature)  field  itself,  but  can  easily  be 
seen  in  the  fields  of  finite  differences  of  pressure.  For  this  reason  the 
estimates  of  spatial  derivatives  using  optimal  interpolation  (equation  5)  are 
preferred  over  direct  finite  differencing  of  the  interpolated  pressure  field. 

The  interpolation  equations  (4)  determine  the  variance  of  the  interpolation 
error.  The  standard  deviation  of  this  error  is  typically  about  1  mb,  and  0.5°C 
although  it  is  somewhat  larger  in  data  sparse  regions.  As  Figure  5  illustrates, 
the  interpolation  error  depends  on  the  geometry  of  the  constellation  of  measure¬ 
ment  stations. 
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Figure  5.  Interpolation  error  for  surface  pressure  (a)  on  1  February  72  during 
the  first  FGGE  Special  Observing  Period  when  only  3  buoys  had  been  deployed, 
and  (b)  on  1  June  79  during  the  second  Special  Observing  Period  when  16 
buoys  were  operating. 
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APPENDIX:  AVAILABLE  DATA  SETS 

These  data  sets  have  been  prepared  for  archiving  and  dissemination 
to  interested  users. 


Data  Set  A.  Daily  pressure  and  temperature  fields. 
These  data  can  be  read  with  the  FORTRAN  statements: 


INTEGER 

REAL 

READ 

1  FORMAT 


LAT , 

LD, 

LH, 

LONG,  LM, 

LT,  LY,  PX,  PXX,  PXY,  PY , 

PYY 

EP, 

ET,  P 

,  T 

( 

,  1) 

LT, 

LY,  LM,  LD 

,  LH,  LAT,  LONG,  P,  T,  EP, 

,  ET 

PXX, 

PXY , 

PYY 

(16, 

413, 

14, 

15,  F8.1, 

F7.1,  2F5.1,  215,  316) 

LT  gives  the  day  number  beginning  with  1  January  1979  =  10592. 

LY  is  the  year  less  1900.  LY  =  79. 

LM  is  the  month  number;  1  for  January,  2  for  February,  etc. 

LD  is  the  day  of  the  month. 

LH  is  the  hour  in  Greenwich  Mean  Time;  LH  =  12. 

LAT  is  the  latitude  in  degrees  north. 

LONG  is  the  longitude  in  degrees  east. 

P  is  the  interpolated  pressure  in  millibars. 

T  is  the  interpolated  daily  average  temperature  in  degrees  Celsius. 

EP  is  the  interpolation  error  variance  in  millibars  squared. 

ET  is  the  interpolation  error  variance  in  degrees  Celsius  squared. 

PX,PY  are  the  interpolated  pressure  derivatives  times  10^  in  the  x  and 
y  direction  (see  note  below). 

PX  and  PY  have  units  of  millibars  per  10  kilometers. 

PXX,PXY,  are  the  interpolated  second  derivatives  of  pressure  times  10f'. 
PYY  Their  units  are  mil libars/ (10 "  kilometers)-. 


The  data  set  begins  with  1200  GMT  19  January  1979  and  ends  with  1200  GMT 
31  December  1979;  a  total  of  361  x  347  =  125,267  records.  One  2,400  foot 
magnetic  tape  is  sufficient  to  hold  the  data. 

Data  Set  B.  Three  hourly  pressure  and  temperature  fields. 

This  data  set  is  the  same  as  data  set  A  with  these  exceptions:  1)  the 
reporting  interval  is  3  instead  of  24  hours.  Therefore  LH  assumes  the 
values  0,  3,  6 ,  . . . ,  21 .  2)  T  is  the  interpolated  temperature  at  time  LH. 

The  data  set  begins  with  0000  GMT  19  January  1979  and  ends  with  2100  GMT 
31  December  1979;  a  total  of  361  x  347  x  8  =  1,002,136  records.  Several 
full  tapes  are  required  to  hold  these  data. 
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Data  Set  C.  Daily  buoy  positions.  These  data  can  be  read  with  the  FORTRAN 


statements : 


INTEGER 

REAL 

READ 

1  FORMAT 


ID1,  ID2 ,  ID3,  KEY,  LD,  LH,  LM,  LT,  LY 

BLAT1,  BLAT2,  BLAT3,  BLONG1,  BLONG2,  BLONG3 

(  ,  1)  KEY,  LT,  LY,  LM,  LD,  LH,  ID1,  BLAT1,  BLONG1 ,  ID2, 

BLAT2 ,  BLONC2,  ID3,  BLAT3,  BLONG3 

(12,  16,  413,  3(14,  F7.3,  F9.3)) 


KEY 

LT , LY , LM , 
LD,  LH 
ID 

BLAT 

BLONG 


always  has  the  value  1. 
are  as  for  data  set  A. 

is  the  buoy  identification  code  minus  1900. 
is  the  buoy  latitude  in  degrees  north, 
is  the  buoy  longitude  in  degrees  east. 


The  data  set  begins  with  1200  GMT  19  February  1979  and  ends  with  1200  GMT 
31  December  1979. 


Data  Set  D.  Interpolated  ice  velocity  fields.  This  data  set  contains  ice 
velocity  estimates  at  a  fixed  grid  of  points  (refer  to  Figure  3).  The  data 
can  be  read  with  these  FORTRAN  statements: 


INTEGER 

REAL 

READ 

1  FORMAT 
where 


KEY,  LAT,  LD,  LH,  LM,  LONG,  LT,  LY 
DUDX,  DUDY,  DVDX,  DVDY,  SIGMA2 ,  UX,  UY 

(  ,  1)  KEY,  LT,  LY,  LM,  LD,  LH,  LAT,  LONG,  UX,  UY,  SIGMA2 , 

DUDX,  DUDY.  DVDX,  DVDY 

(12,  16,  413,  14,  15,  2F7.1,  F5.1,  4F8. 2) 


KEY 

LT,LY,LM, 

LD,LH 

LAT 

LONG 

UX 

UY 

SIGMA2 


DUDX .DUDY, 
DVDX, DVDY 


always  has  the  value  2. 

are  as  for  data  set  A. 

is  the  latitude  of  the  grid  point. 

is  the  longitude  of  the  grid  point. 

is  the  interpolated  ice  velocity  in  the  x  direction  in  cm  sec-1 . 
See  note  below. 

is  the  interpolated  ice  velocity  in  the  y  direction  in  cm  sec'1 . 
is  the  variance  of  the  interpolation  error  in  velocity,  in  dimen¬ 
sionless  units.  No  confidence  should  be  placed  on  interpolated 
velocities  for  which  SIGMA2  >  0.5. 

are  interpolated  velocity  derivatives  expressed  in  Cartesian 
coordinates.  After  multiplication  by  10-7  the  reported  values 
have  units  of  sec-1. 


The  data  set  begins  with  1200  GMT  19  February  1979  and  ends  with  1200  GMT 
30  December  1979.  One  magnetic  tape  is  sufficient  to  hold  the  data. 
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Note  on  coordinates.  The  pressure  and  velocity  derivatives  are  expressed 
with  respect  to  a  rectangular  coordinate  system  with  the  origin  at  the  North 
Pole,  and  x  axis  coinciding  with  the  Greenwich  meridian,  and  the  y  axis  with 
the  90E  meridian.  The  transformation  from  latitude  and  longitude  to  x  and  y  is 

x  =  110.949  (90  -  lat)  cos  (long) 
y  =  110-949  (90  -  lat)  sin  (long) 

where  x  and  y  are  in  kilometers  and  latitude  and  longitude  are  in  degrees. 


Tape  format.  Each  of  the  above  data  sets  is  stored  on  magnetic  tape  with 
these  characteristics: 


width 

1/2  inch 

number  of  tracks 

9 

coding 

EBCDIC 

parity 

odd 

density 

1600  bpi 

characters 

per  record 

80 

characters 

per  block 

4800 

Availability:  These  data  sets  are  archived  at  the  World  Data  Center  A: 

Glaciology.  Inquiries  should  be  addressed  to 

World  Data  Center  A:  Glaciology 
Institute  of  Arctic  and  Alpine  Research 
University  of  Colorado 
Boulder,  Colorado  80309,  USA 

telephone  (303)  492-5171 


The  authors  of  this  report  can  be  contacted  at 

University  of  Washington 
Polar  Science  Center 
4057  Roosevelt  Way  NE 
Seattle,  Washington  98105,  USA 

telephone  (206)  543-6613 
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Tabular  Data 


The  tables  give  daily  data  for  each  buoy.  The  buoys  are  identified  by  their 
Argos  identification  number  less  1900.  Thus  buoy  1901  appears  as  buoy  1.  The 
data  are  interpolated  values  for  location  and  pressure  at  1200  GMT.  The  reported 
temperature  is  the  average  of  the  temperatures  at  the  eight  synoptic  intervals 
0000  GMT,  0300  GMT,  ...,  2100  GMT.  Occasional  gaps  in  the  time  series  indicate 
periods  where  the  data  density  was  low,  the  raw  data  were  extremely  noisy,  or 
the  data  processing  procedures  failed. 
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1012.1 

-.3 

194 

13 

85.271  -169.710 

1013.7 

3.4 

225 

13 

85.631  -158.565 

1009.8 

.3 

195 

14 

85.265  -169.085 

1002.3 

2.3 

226 

1* 

65.596  -157.7*2 

1012.1 

1.0 

196 

15 

0  5 • 3*0  -169.046 

1004.5 

1.8 

227 

15 

85.612  -157.779 

1022.5 

-.9 

197 

16 

05.369  -169.012 

1009.5 

2.7 

228 

16 

85, 600  -157.5*7 

1018  .9 

-.3 

198 

17 

85.360  -169.004 

1010.2 

3.7 

229 

17 

85.576  -157.410 

1018.3 

.3 

199 

18 

85.388  -168.726 

1006.6 

2.9 

230 

18 

85.502  -157.662 

1019.7 

1.9 

200 

19 

85.390  -167.592 

1010.2 

2.0 

231 

19 

85.465  -157.7*2 

1022.5 

1.8 

201 

20 

85.476  -167.113 

1006.1 

1.7 

232 

20 

85.4*5  -157.837 

1021.6 

1.0 

202 

21 

85.57 2  -166.632 

1003.1 

1.3 

233 

21 

85.413  -157.713 

1015.9 

.6 

203 

22 

05.592  -167.505 

988.0 

.8 

23* 

22 

85.385  -157.835 

1016.4 

.7 

204 

23 

85.531  -167.099 

995.1 

1.7 

235 

23 

85.357  -157.90* 

1013.3 

-1.0 

205 

24 

85.541  -166.530 

1003.4 

1.9 

236 

24 

85.328  -158.017 

1016.9 

-.7 

206 

25 

05.577  -165.250 

1009.7 

1.6 

237 

25 

85.269  -158.061 

1020.6 

-.8 

207 

26 

o5.o39  -164.196 

1009.9 

1.8 

238 

26 

85.232  -158.35* 

1021.7 

.5 

208 

27 

B5.077  -162.952 

1015.0 

3.2 

2  39 

27 

65.218  -158.36* 

1022.8 

-1.5 

209 

28 

05.707  -162.8*0 

1021.2 

2.9 

240 

28 

85.167  -156.883 

1020.5 

-1.7 

210 

29 

85.7*4  -162.852 

1021.2 

2.6 

2*1 

29 

85.160  -160.210 

1021.8 

-3.1 

211 

30 

05.801  -162.688 

1019.1 

2.6 

2*2 

30 

85.173  -161.170 

1021.8 

-3.5 

212 

31 

85.8*0  -162.880 

1018.2 

2.0 

2*3 

31 

85.175  -162.297 

1020.9 

-3.6 

26 
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T 
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(MB) 

(C) 

OCT 

.  79 
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(MB) 

(  C) 

244 

1 

85.221  -162.772 

1027.1 

-4.8 

274 

1 

85.183  -162.164 

1027.2 

-9.6 

245 

2 

85.250  -162.812 

1029.2 

-3.7 

275 

2 

85.194  -161.881 

1029.9 

-12  .3 

2  46 

3 

85.261  -163.294 

1027.5 

-3.9 

2  76 

3 

85.2io  -161.499 

1029.8 

-11  .0 

247 

4 

85.261  -163.896 

1031.6 

-4.6 

277 

4 

85.211  -161.117 

1029.9 

-13.6 

248 

5 

e5 .2 4 8  -164.  013 

1032.2 

-6.4 

2  78 

5 

85.21b  -160.869 

1032.6 

-14.5 

2  49 

6 

85.230  -164.061 

1028.2 

-6  .4 

279 

b 

85.216  -160.858 

1033.5 

-10.9 

250 

7 

85.271  -164.693 

1017.1 

-8.5 

280 

7 

85.176  -160.986 

1031  .5 

-13.4 

251 

8 

85.361  -165.830 

997.4 

-5.5 

281 

8 

85. lie  -161.276 

1029.5 

-18.9 

252 

9 

85.374  -166.122 

998.7 

-5.3 

282 

9 

85.035  -161.480 

1009.5 

-16.5 

253 

10 

85.316  -166.224 

1011.1 

-8.1 

28  3 

10 

85.051  -160.962 

1010.9 

-14.8 

254 

11 

85.234  -166.194 

1022.3 

-7  .5 

284 

11 

85.119  -160.203 

1020.6 

-14.2 

255 

12 

85.177  -165.793 

1028  .9 

-7.8 

285 

12 

85.126  -160.084 

1022.0 

-12.9 

256 

13 

85.163  -165.097 

1020.8 

-6.3 

266 

13 

85.048  -159.852 

1030.8 

-12.5 

257 

14 

8  5 • 1 13  -164.455 

1013.0 

-5.7 

287 

14 

85.020  -159.762 

1031.7 

-14.6 

258 

15 

85.163  -164.442 

1018 .9 

-5.9 

288 

15 

84.996  -159.639 

1027.3 

-16.6 

259 

Mb 

85.178  -164.401 

1019.2 

-8.9 

289 

16 

84.968  -159.630 

1023.5 

-16.4 

260 

17 

85.20a  -164.124 

1019.8 

-7.3 

290 

17 

84.960  -159.504 

1018.1 

-17.5 

261 

18 

85.163  -164.202 

1015.5 

-3.3 

291 

18 

84.941  -159.121 

1020.4 

-17.2 

2  62 

19 

85.126  -164.765 

1018  .9 

-3.7 

292 

19 

84.932  -158.735 

1023.4 

-17.7 

263 

20 

65.115  -164.559 

1024.0 

-7.4 

293 

20 

8  4.916  -158.129 

1019.9 

-18.5 

264 

21 

85.105  -164.131 

1019.7 

-11.3 

294 

21 

84.890  -156.643 

1010.9 

-18  .0 

265 

22 

b  5 • 121  -163.393 

1015.1 

-11.5 

295 

22 

84.834  -155.711 

1015.2 

-17.0 

266 

23 

85.167  -162.898 

1015.2 

-10.2 

296 

23 

84.793  -155.682 

1016.1 

-20.0 

267 

24 

85.188  -162.721 

1016. 3 

-10.3 

297 

24 

84.751  -155.488 

1018.1 

-16.8 

268 

25 

85.172  -162.905 

1017.1 

-7.7 

298 

25 

84.708  -155.340 

1016.5 

-18.5 

269 

26 

85.158  -162.738 

1019.3 

-8.1 

299 

26 

84.674  -155.129 

1008.4 

-23.3 

270 

27 

85.156  -162.556 

1025.4 

-9.2 

300 

27 

84, b87  -154.685 

999.6 

-21.0 

271 

28 

85.148  -162.431 

1027.5 

-10.1 

301 

28 

84.689  -154.327 

1001.1 

-27.2 

272 

29 

85.156  -162.448 

1027.5 

-11.0 

302 

29 

84.746  -154.289 

1004.5 

-29.2 

273 

30 

85.174  -162.292 

1027.3 

-10.7 

303 

30 

84.832  -154.229 

1011.1 

-27.8 

304 

31 

84.937  -153.890 

1027.2 

-23.3 

BUOY (  2 

1  LAT  LON 
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T 
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P 
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(MB) 

(C) 

DEC 

.  79 

(N>  (♦£»-«) 

(MB) 

<C) 

305 

1 

84.974  -153.885 

1037.5 

-21.6 

335 

1 

85.110  -152.173 

1011.8 

-32  •  1 

306 

2 

84.957  -153.909 

1029.9 

-22.7 

336 

2 

85.119  -152.115 

1016.8 

-32.  4 

307 

3 

84.950  -153.431 

1021.1 

-22.3 

337 

3 

85.170  -151.744 

1015.4 

-27.8 

308 

4 

84.964  -152.994 

1022.0 

-23.2 

338 

4 

85.220  -151.582 

1009.7 

-28.6 

309 

5 

84.957  -153.020 

1030.4 

-25.7 

339 

5 

85.253  -151.800 

1010.0 

-26.8 

310 

6 

84.935  -153.014 

1037.8 

-26.6 

340 

6 

85.265  -151.985 

1011.1 

-30.3 

311 

7 

94.904  -152.916 

1036.3 

-23.3 

341 

7 

85.251  -151.940 

1015.3 

-29.4 

312 

8 

84.869  -152.853 

1040.2 

-20.3 

342 

8 

85.214  -151.813 

1014.8 

-28.4 

313 

9 

84.835  -152.928 

1039.3 

-22.2 

343 

9 

85.150  -151.522 

1012.5 

-26.6 

314 

10 

84.800  -152.843 

1033.0 

-24.9 

344 

10 

85.089  -151.195 

1009.6 

-27.0 

315 

11 

84.782  -152.304 

1023.3 

-24.6 

345 

11 

85.026  -150.911 

1016.6 

-28.2 

316 

1? 

84.812  -151.573 

1011.3 

-22.8 

346 

12 

85.060  -150.401 

1010.8 

-29  •  8 

317 

13 

84.856  -151.071 

1003.3 

-21.0 

347 

13 

85.094  -150.376 

999.2 

-28.5 

318 

14 

84.869  -150.930 

1000.1 

-23.7 

348 

14 

85.087  -150.383 

1005  .4 

-29.9 

319 

1 5 

84.887  -150.990 

998.0 

-26.7 

349 

15 

320 

16 

84.922  -151.112 

1000.9 

-28.3 

350 

16 

321 

17 

84.954  -151.191 

1005.8 

-26.9 

351 

17 

322 

18 

84.950  -151.461 

1014.2 

-25.9 

352 

18 

85.026  -150.291 

1011.1 

323 

19 

84.938  -151.646 

1017.0 

-26.9 

353 

19 

324 

20 

84.900  -152.285 

1009.3 

-25.6 

354 

20 

325 

21 

84.825  -153.611 

997.0 

-23.4 

355 

21 

326 

22 

84.760  -154.085 

998.6 

-22.4 

356 

22 

85.083  -145.919 

990.5 

327 

23 

84.723  -153.873 

1000.8 

-26.2 

357 

23 

85.129  -143.768 

1006.5 

-23.3 

326 

24 

84.712  -153,291 

1006.9 

-28.6 

358 

24 

85.164  -142.860 

1011.4 

-25.2 

329 

25 

84.728  -152.738 

1017.5 

-29.7 

359 

25 

1013.4 

-29.8 

330 

26 

84.791  -153.206 

1012.6 

-27.0 

360 

26 

331 

27 

84.901  -153.645 

1013.6 

-21.9 

361 

27 

332 

26 

84,988  -153.750 

1005.6 

-19.5 

362 

28 

333 

29 

85.054  -152.979 

1006.2 

-26.5 

363 

29 

334 

30 

85.104  -152.277 

1004.8 

-30.5 

364 

30 

365 

31 

85.115  -142.318 

1037.5 

27 
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1  1  AT  LON 
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T 
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.  7% 
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(♦fc>-8) 

( MB  ) 

<C> 

PE  B 

.  79 

IN)  1  ♦6*  -8  ) 

(  HB) 

1C) 

20 

20 

06.920 

179.  897 

1039.5 

-37.8 

32 

1 

88.837  -175.859 

1038.8 

-33.6 

21 

21 

08.939 

178.726 

1099.9 

-39.9 

33 

2 

68.757  -175.355 

1036.7 

-28.9 

22 

22 

66.997 

177.269 

1039.7 

-36.5 

39 

3 

88.681  -175.889 

1021.3 

-29.8 

23 

23 

d8 . 9  39 

177.705 

1037.7 

-35.3 

35 

9 

68.691  -177.099 

1018.9 

-27.7 

2* 

26 

66.931 

178.896 

1038.1 

-33.6 

36 

5 

88.697  -176.891 

1027.5 

-35.8 

25 

26 

d8 .936 

176.969 

1090.3 

-39.6 

37 

6 

88,696  -175.789 

1025.1 

-38.9 

26 

2b 

08.995 

178.797 

1092.6 

-36.0 

38 

7 

88.699  -175.785 

1025.8 

-37.3 

27 

27 

d  8 .9  52 

176.593 

1091.8 

-33.9 

39 

8 

08.695  -175.781 

1029.2 

-39.3 

28 

28 

88.955 

178. 566 

1035.0 

-35.2 

90 

9 

88.656  -175.589 

1039.9 

-36.2 

26 

29 

d8 .9  32 

-179.932 

1039.1 

-35.2 

91 

10 

68.659  -175.363 

1037.7 

-37.5 

30 

30 

66.919 

-177.529 

1035.1 

-36.6 

92 

11 

88.669  -179.787 

1036.7 

-90.0 

31 

31 

86.899 

-176.139 

1037.3 

-36.6 

93 

12 

68.679  -173.880 

1031.9 

-39.5 

99 

13 

88.679  -173.829 

1019.9 

-39.2 

95 

19 

88.676  -173.967 

1008 .5 

-36.9 

96 

15 

88.699  -173.986 

1003.5 

-37.9 

97 

16 

88.710  -173.895 

999.9 

-90.9 

98 

17 

998.9 

-92.9 

99 

1  8 

88.718  -173.717 

990.9 

-92.8 

50 

19 

88.776  -176.085 

998.2 

-91.7 

51 

20 

88.821  -175.998 

1009.0 

-91.3 

52 

21 

1020.1 

-90.1 

53 

22 

88,899  -179.379 

1030.6 

-90.7 

59 

23 

06.866  -175.071 

1035.1 

-39.2 

55 

29 

1031.2 

-33.6 

56 

25 

09.136  -179.139 

1001.1 

-28.3 

57 

26 

09,171  -179.627 

1000.7 

-35.1 

58 

27 

1000.1 

-38.8 

59 

28 

1010.9 

-90.1 
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APR 
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IN)  (♦£»-«) 

(MB) 

1C) 

60 

1 

89.180  -170.098 

1025.9 

-91.2 

91 

1 

06.277  -151.773 

1032.8 

-25.1 

61 

2 

89.106  -169.299 

1032.8 

-35.8 

92 

2 

88.279  -151.576 

1029.6 

-26.6 

62 

3 

89.059  -168.333 

1036.9 

-31.5 

93 

3 

88.275  -151.620 

1020.7 

-22.0 

b  3 

9 

89.072  -167.711 

1039.9 

-33.6 

99 

9 

88.278  -151.687 

1019.8 

-17.3 

69 

5 

89.102  -168.197 

1019.9 

-32.7 

95 

5 

08.295  -152.213 

1029.6 

-26.1 

65 

6 

89.116  -168.357 

1019  .3 

-37.0 

9b 

b 

08.315  -152.893 

1019.9 

-28.5 

66 

7 

89.112  -168.285 

1017.2 

-39.2 

97 

7 

68.327  -153.195 

1020.9 

-30.7 

67 

8 

89.112  -168.302 

1029.9 

-39.9 

98 

8 

88.33b  -153.909 

1029.0 

-31.5 

68 

9 

69.106  -167.350 

1091.9 

-36.5 

99 

9 

88.393  -153.579 

1032.9 

-29.0 

69 

10 

89.107  -165.517 

1097.9 

-35.2 

100 

10 

88.399  -159.850 

1031.9 

-25.9 

70 

11 

89.073  -162.182 

1051.7 

-39.5 

101 

il 

08.365  -155.799 

1032.1 

-22.8 

71 

12 

89.027  -159,896 

1055,5 

-32.7 

102 

12 

86.392  -155.910 

1029.8 

-26.7 

72 

13 

88.977  -158.089 

1058.2 

-30.9 

103 

13 

88.399  -159.158 

1091  .5 

-28.0 

73 

19 

88.913  -157.229 

1099.5 

-28.8 

109 

19 

88.399  -159.073 

1090.8 

-26.6 

79 

15 

88.611  -157.763 

1099.3 

-27.1 

105 

15 

08.397  -153.963 

1039.3 

-25.6 

75 

16 

88.709  -158.609 

1037.2 

-25.1 

106 

16 

88.396  -153.667 

1091.8 

-26.0 

76 

17 

88.569  -160.169 

1029.6 

-25.6 

107 

17 

88.375  -159.193 

1092.0 

-26.7 

77 

18 

88.971  -159.179 

1020.0 

-25.6 

108 

18 

86.323  -159.126 

1036.5 

-25.5 

78 

19 

88.919  -157.957 

1029.2 

-26. b 

109 

19 

88.300  -152.18b 

1023.6 

-23.2 

79 

20 

88.920  -156.792 

1030.5 

-27.9 

110 

20 

88.321  -199.956 

1022.5 

-21.5 

80 

21 

88.926  -155.521 

1031.1 

-26.9 

111 

21 

88.365  -196.667 

1017  .3 

-20.0 

81 

22 

88.962  -153.608 

1018 .9 

-28.2 

112 

22 

88.996  -199.265 

1011.5 

-19.3 

82 

23 

08.979  -152.777 

1021.9 

-31.7 

113 

23 

88.992  -193.726 

1008.2 

-19.6 

83 

29 

88.972  -152.591 

1021.5 

-31.5 

119 

29 

88.521  -199.023 

1011.7 

-19.7 

89 

25 

88.390  -152.235 

1022.0 

-23.8 

115 

25 

88.561  -199.287 

1012.6 

-17.6 

85 

2b 

66.326  -152.156 

1026.6 

-22.6 

116 

26 

88.593  -199.197 

1015.6 

-15.9 

86 

27 

08.319  -152.219 

1032.9 

-25.3 

117 

27 

88.601  -199.901 

1015.8 

-15.7 

87 

28 

88.303  -152.871 

1039.6 

-26.7 

118 

28 

88.607  -199,276 

1020.0 

-16.3 

88 

29 

88.269  -152.166 

1032.2 

-27.5 

119 

29 

88.633  -193.663 

1028  .0 

-16.3 

89 

30 

88.277  -151.809 

1016.9 

-22.3 

120 

30 

88.667  -193.230 

1028.7 

-15.1 

90 

31 

88.275  -151.637 

1028.0 

-21.7 

28 
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121 

1 

88.788  -1**.0 07 

1018.* 

-12.8 

152 

1 

08.878  -106.907 

1016.2 

-3.5 

1 22 

2 

88.880  -1*0. 7*3 

1019.8 

-10.5 

153 

2 

86.905  -106.513 

101*.* 

-*.5 

123 

3 

88.896  -136. *97 

1036.5 

-12.9 

15* 

3 

88.98.1  -106.387 

1010.5 

-5.5 

12* 

* 

89.058  -136.701 

1012.3 

-11.5 

155 

* 

89.03*  -106.790 

101*. 3 

-*.3 

125 

5 

89.091  -130.825 

1025.5 

-9.9 

156 
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12 

77.569  -155.600 

1017.7 

-7.0 

133 

13 

77.556  -155.567 

1015.1 

-5.5 

135 

15 

77.513  -155.557 

1011.0 

-5.2 

135 

15 

77.365  -155.551 

1018.6 

-5.9 

136 

16 

77.355  -155.556 

1016.7 

-7.5 

137 

17 

77.325  -1.5.585 

1016.5 

-8.1 

138 

16 

77.267  -155.290 

1015.0 

-7.8 

139 

19 

77.168  -155.059 

1018.9 

-7.3 

150 

20 

77.157  -155.909 

1021.5 

-7.0 

151 

21 

77.156  -155.956 

1025.3 

-6.5 

152 

22 

77.128  -155.078 

1026.7 

-7.0 

153 

23 

77.122  -155.236 

1025.2 

-6.5 

155 

25 

77.135  -155.390 

1021. 6 

-6.7 

155 

25 

77.177  -155.575 

1021.2 

-7.9 

156 

26 

77.277  -155.735 

1018.8 

-7  .9 

157 

27 

77.502  -155.951 

1015.8 

-5.9 

158 

28 

77.559  -155.921 

1013.6 

-.8 

159 

29 

77.523  -155.955 

1013.7 

1.2 

150 

30 

77.382  -156.193 

1017.1 

-1  .5 

151 

A  1 

77.353  -156.265 

1020.5 

-2.2 
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152 

1 

77.432  “146.256 

1006.7 

-1.3 

153 

2 

77.440  -145.927 

1007.8 

.5 

15  5 

3 

77.385  -145.566 

1010.3 

-.8 

155 

4 

77.305  -145.201 

1015.4 

-3.4 

156 

5 

77.263  -145.120 

1013.5 

-3.1 

15  7 

6 

77.268  -145.127 

1020.4 

-.1 

158 

7 

77.294  -144.905 

1017.1 

.2 

159 

8 

77.310  -144. 754 

1016.0 

.1 

160 

9 

77.265  -144.597 

1021.7 

.2 

161 

10 

77.276  -144.550 

1015.1 

1.4 

162 

11 

77.308  -145.002 

998.9 

2  .2 

161 

12 

77.301  -145.697 

1003.5 

.2 

164 

13 

77.250  -146.115 

1015.2 

-1.7 

165 

14 

7  7.168  -145.911 

j.012.5 

-1.7 

166 

15 

77.057  -145.301 

.1004.3 

.1 

167 

16 

76.971  -145.114 

1010.6 

2.2 

168 

17 

76.966  -145.167 

1015.0 

3.4 

169 

18 

76.482  -145.227 

1021.3 

5.0 

170 

19 

77.004  -145.253 

1024.2 

5.8 

171 

20 

77.021  -145.130 

1022. 1 

3.5 

172 

21 

77.015  -144.652 

1019.5 

2.6 

173 

22 

76.995  -144.656 

1020.6 

2.9 

174 

23 

76.964  -144.823 

1018.4 

2.3 

175 

24 

76.961  -145.008 

1017.0 

1.6 

176 

25 

76.930  -145.314 

1011.8 

.8 

177 

26 

76.869  -145.495 

1012.8 

2.4 

178 

27 

76.847  -145.464 

1012.0 

3.5 

179 

2  8 

76.802  -145.251 

1008.3 

3.3 

180 

29 

76.793  -144.663 

1003.6 

3.1 

181 

30 

76.821  -144.092 

1000.0 

2.3 

BUUT(  6)  LAT  LON 

P 

T 

JOLT  79 

(N)  l*kr-»i 

(MB) 

(C) 

182 

1 

76.0 23  -143.730 

1000. 6 

2.6 

183 

2 

76.83-/  -143.505 

xOll  .0 

2.9 

184 

3 

76.656  -143.499 

1011.5 

3.4 

165 

4 

76.810  -143.536 

1016.7 

3.6 

186 

5 

76.640  -143.734 

1 010.0 

3.2 

18  7 

6 

76.906  -144.159 

996.1 

1.8 

163 

7 

76.648  -144.167 

996.6 

2  .4 

189 

6 

76.792  -143.785 

996.2 

2.6 

190 

9 

76. 746  -143.664 

1002.9 

3.1 

191 

10 

76.708  -143.474 

1008.7 

2.6 

192 

11 

76.730  -143.453 

1007.2 

3.1 

193 

12 

76.716  -143.425 

1007. 4 

2.8 

194 

13 

76.635  -143.253 

1017.0 

2.3 

195 

14 

76.664  -142.965 

1010.7 

2.7 

196 

15 

76.673  -142.795 

1008.6 

2.5 

197 

16 

76.611  -142.503 

1019.0 

2.7 

198 

17 

76.630  -142.451 

1013.4 

2.4 

199 

16 

76.621  -142.366 

1015.3 

2.7 

200 

19 

7 6 . 6 1 o  -142.391 

1019.9 

3.7 

201 

20 

76.615  -142.374 

1019.1 

3.4 

202 

21 

70.625  -142.240 

1015.1 

2.9 

203 

22 

76.634  -142.103 

1011.7 

3.2 

204 

23 

76.635  -142.100 

1009.9 

5.2 

205 

24 

76.627  -142.122 

1013  .4 

4.9 

206 

25 

76.613  -142.224 

1016.1 

4.8 

207 

26 

76.617  -142.332 

1021.  2 

4.7 

203 

27 

76.627  -142.381 

1025.6 

3.6 

209 

28 

76.650  -142.429 

1023.8 

3.2 

210 

29 

76.666  -142.596 

1018.6 

3.4 

211 

30 

76.676  -142.602 

1019.4 

4.8 

212 

31 

76.673  -142.628 

1018.4 

4.5 

BUQY(  6) 

LAT  L  ON 

P 

T 

BUDT (  6)  LAT  LON 

P 

T 
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.  79 

(N)  (♦£»-*! 

(MB) 

(C) 

SEPT  79 

(N)  (*E»-W) 

(MB) 

(C) 

213 

1 

76.704  -142.680 

1020.7 

3.4 

244 

1 

77.052  -148.024 

1018.0 

-.9 

214 

2 

76.729  -142.646 

1019,1 

3.1 

245 

2 

77.107  -148.214 

1018.9 

-1.3 

215 

3 

76.743  -142.646 

1009.4 

2.8 

246 

3 

77.134  -148.344 

1019.4 

-1.7 

216 

4 

76.690  -142.476 

1007.9 

1.9 

247 

4 

77.127  -148.553 

1022.1 

-3.8 

217 

5 

76.597  -142,679 

1016. B 

1.5 

248 

5 

77.081  -148.940 

1023.6 

-2.4 

218 

6 

76.554  -142.902 

1021.7 

1.7 

249 

6 

76.983  -148.870 

1027.1 

-3.4 

219 

7 

76.567  -143.120 

1024.4 

2.3 

250 

7 

77.060  -148.736 

1014.4 

-2.9 

220 

8 

76.562  -143.087 

1019.5 

3.4 

251 

6 

77.062  -148.522 

1016.7 

-1.0 

221 

9 

76.568  -143.119 

1017.4 

1.9 

252 

9 

77.029  -148.143 

1013.1 

-1.9 

222 

10 

76.562  -143.199 

1017.4 

2.1 

253 

10 

76.956  -147.742 

1019.4 

-3.6 

223 

11 

76.517  -143.059 

1018.0 

1.0 

254 

11 

76.904  -147.681 

1024.4 

-5.5 

22  4 

12 

76.506  -143.213 

1018,9 

.6 

255 

12 

76.876  -147.805 

1029.5 

-6.7 

225 

13 

76.523  -143.426 

1018.1 

.4 

256 

13 

76.835  -147.954 

1034.5 

-7.8 

226 

14 

76.550  -143.666 

1017.5 

.7 

257 

14 

76.800  -147.758 

1024.8 

-8.7 

227 

15 

76.600  -143.885 

1012.8 

1.5 

253 

15 

76.815  -147.625 

1021.0 

-8.8 

2  28 

16 

76.679  -144.316 

1011.2 

-.1 

259 

16 

76.831  -147.601 

1017.6 

-7.1 

229 

17 

76.753  -144.831 

1017.4 

-1.3 

260 

17 

76.841  -147.871 

1011.2 

-7.5 

230 

18 

76.773  -145.136 

1018.7 

-2.8 

261 

18 

76. 794  -148.003 

1008.4 

-9.7 

231 

19 

76.751  -145.086 

1019.2 

.5 

262 

19 

76.814  -147.771 

1010.8 

-8  .1 

232 

20 

76.750  -145.195 

1019.9 

1.4 

263 

20 

76.915  -147.891 

1017.5 

—8 .6 

233 

21 

76.832  -L45.332 

1013.0 

1.0 

264 

21 

77.O00  -148.377 

1012.9 

-7.7 

234 

22 

76.864  -145.488 

1009.1 

.9 

265 

22 

77.113  -148.650 

1013.9 

-6.5 

235 

23 

76.841  -145.536 

1013.5 

1.2 

266 

23 

77.210  -148.958 

1012.8 

-6.2 

236 

24 

76.777  -145.545 

1020.7 

1.0 

267 

24 

77.313  -149.418 

1009.6 

-5.2 

237 

25 

76.759  -145.638 

1019.7 

-.1 

268 

25 

77.359  -149.603 

1007.5 

-3.0 

238 

26 

76.859  -145.928 

1009.9 

-1.1 

269 

26 

77.332  -149.540 

1015.0 

-4.3 

239 

27 

76.959  -146.484 

1011. 3 

-2.3 

270 

27 

77.386  -149.956 

1019.0 

-6.6 

240 

28 

76.991  -147.033 

1013.3 

-3.8 

271 

28 

77.440  -150.383 

1020.8 

-10.0 

241 

29 

76.982  -147,348 

1013.7 

-5.0 

272 

29 

77.450  -150.648 

1025.6 

-10.6 

2  42 

30 

76.978  -147.540 

1013.2 

-3.0 

273 

30 

77.455  -150.903 

1028.0 

-7.5 

243 

31 

77.009  -147.921 

1014.0 

-1.6 

35 
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<nei 
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274 

1 

77.468  -151.176 

1026.1 

-7.2 

305 

1 

77.069  -157.145 

1015.1 

-19.3 

275 

2 

77.470  -a  51 .4  73 

1028.7 

-10.4 

306 

2 

77.095  -157.644 

1014.2 

-19.0 

276 

3 

77.404  -151.761 

1029.7 

-11.7 

307 

3 

77.091  -158.213 

1009.2 

-19.4 

277 

4 

77.475  -1  52.224 

1028  .8 

-11.6 

308 

4 

77.112  -158.684 

1006.3 

-18.5 

278 

5 

77.468  -A52.573 

1024.9 

-13.5 

309 

5 

77.111  -158.672 

1022.0 

-16.7 

2  79 

6 

77.448  -153.011 

1019.1 

-12.0 

310 

6 

77.095  -158.632 

1031.5 

-20.3 

280 

7 

77.447  -153.307 

1019.5 

-11.1 

311 

7 

77.141  -159.176 

1017.8 

-20.1 

281 

8 

77.441  -153.801 

1021.9 

-12.7 

312 

8 

’7.224  -159.998 

1027.0 

-19.0 

282 

9 

77.413  -153.974 

1016.3 

-15.4 

313 

9 

77.277  -160.737 

1022.0 

-19.9 

283 

10 

77.427  -154.256 

1013.8 

-17.0 

314 

10 

77.333  -161.527 

1022.3 

-20.6 

284 

11 

77.417  -154.724 

1006.3 

-14.2 

315 

11 

77.377  -162.202 

1019.9 

-24.4 

285 

12 

77.333  -154.748 

1019.5 

-13.3 

316 

12 

77.394  -162.645 

1018.0 

-27.8 

286 

13 

77.286  -154.911 

1026.5 

-16.2 

317 

13 

77.409  -162.690 

1015.3 

-29.4 

287 

14 

77.213  -155.239 

1023.0 

-13.6 

318 

14 

77.435  -162.647 

1009.2 

-29.1 

288 

15 

77.093  -155.311 

1022.1 

-13.7 

319 

15 

77.444  -162.575 

1000.2 

-27.5 

289 

16 

76.979  -135.677 

i.024.7 

-12.1 

320 

16 

77.479  -162.644 

997.0 

-25.8 

290 

17 

76.951  -155.702 

1023.2 

-12.6 

321 

17 

77.483  -162.758 

997.6 

-28.4 

291 

18 

76.982  -155.767 

1025.6 

-11.5 

322 

18 

77.483  -162.935 

1006.7 

-29.4 

292 

19 

77.028  -155.966 

1021.4 

-11.9 

323 

19 

77.447  -163.081 

1008.3 

-29.9 

293 

20 

77.089  -156.430 

1019.1 

-11.9 

324 

20 

77.307  -163.129 

996.5 

-27.2 

294 

21 

77.106  -156.773 

1022.3 

-12.6 

325 

21 

77.189  -162.969 

993.2 

-25.1 

295 

22 

77.106  -156.964 

1026.0 

-14.5 

326 

22 

77.145  -162.711 

1007.8 

-26.0 

296 

23 

77.091  -157.047 

1024.2 

-15.6 

327 

23 

77.115  -162.514 

1014.6 

-27.8 

297 

24 

77.066  -157.166 

1026.1 

-12.5 

328 

24 

77.132  -162.462 

1013.3 

-29.0 

298 

25 

77.042  -157.235 

1021.9 

-12.2 

329 

25 

77.298  -163.124 

985.5 

-26.4 

299 

26 

77.007  -157.282 

1019.4 

-13.6 

330 

26 

77.418  -163.408 

996.7 

-21.9 

300 

27 

76.969  -157.234 

1021.0 

-15.0 

331 

27 

77.500  -163.431 

1007.9 

-21.0 

301 

28 

76.973  -156.919 

1018 .4 

-13.7 

332 

28 

77.576  -163.267 

1013.3 

-23.6 

302 

29 

76.983  -156.629 

1018.2 

-14.1 

333 

29 

77.622  -163.083 

1017.7 

-26.2 

303 

30 

77.034  -156.411 

1017.3 

-13.0 

334 

30 

77.626  -163.087 

1014.1 

-29.5 

304 

31 

77.062  -156.603 

1017.1 

-12.8 

BUOY (  6) 
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335 

1 

77.627  -163.168 

1013.5 

-31.2 

336 

2 

77.668  -163.385 

1013.1 

-30.2 

337 

3 

77.756  -163.763 

1004.8 

-30.4 

338 

4 

77.877  -164.321 

991.0 

-27.8 

339 

5 

77.961  -164.816 

998.7 

-26.2 

340 

6 

77.982  -165.037 

1003.4 

-28.9 

341 

7 

77.976  -165.039 

1012.3 

-33.0 

342 

8 

77.958  -165.080 

1016.1 

-34.8 

343 

9 

344 

10 

345 

11 

346 

12 

77.949  -164.816 

1017.3 

347 

13 

77.976  -164.340 

1008.8 

-24.4 

348 

14 

77.962  -164.344 

1014.9 

-26.4 

349 

15 

77.960  -164.409 

1018.1 

-27.7 

350 

16 

77.943  -164.192 

1029.2 

-26.8 

351 

17 

77.935  -164.157 

1011.9 

-26.3 

352 

18 

77.888  -164.395 

1008.4 

-29.4 

353 

19 

77.841  -164.472 

1007.3 

-27.7 

354 

20 

77.825  -164.523 

1011.4 

-31.5 

355 

21 

77.823  -164.460 

1013.7 

-33.2 

356 

22 

77.825  -164.351 

1016.0 

-31.5 

357 

23 

77.830  -164.218 

1019.6 

-31.6 

358 

24 

1016.8 

-30.4 

359 

25 

360 

26 

361 

27 

362 

28 

363 

29 

364 

30 

365 

31 

77.583  -163.900 

1039.6 

-29.2 

36 
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121 

1 

85.613 

-88. 751 

1030.7 

-15.4 

122 

2 

85.629 

-87.891 

1024.2 

-11.9 

123 

3 

65.613 

-87,770 

1041.5 

-14.1 

124 

4 

35.653 

-87.216 

1027.9 

-13.9 

125 

5 

85.655 

-86.995 

1030.7 

-11.0 

126 

6 

85.661 

-66.808 

1027.2 

-10.7 

127 

7 

85.667 

-86.460 

1030.3 

-9.1 

126 

8 

85  .658 

-86.493 

1034  .8 

-8  .7 

129 

9 

85.654 

-86.522 

1030.7 

-8.8 

130 

10 

85.654 

-86. 532 

1032.0 

-7.9 

131 

11 

85.655 

-86.539 

1030.7 

-7.0 

132 

12 

85.654 

-86,524 

1027.7 

-8.3 

133 

13 

85.655 

-66.555 

1023.3 

-10,0 

134 

14 

85.651 

-86.656 

1018.4 

-11.0 

135 

15 

85.646 

-87.177 

1024.0 

-10.4 

136 

16 

85.639 

-67,546 

1023.1 

-9.9 

137 

17 

65.620 

-87.742 

1020.  7 

-7.3 

138 

18 

85.625 

-88. 153 

1010.3 

-5.6 

139 

19 

85*618 

-b8. 747 

1010.4 

-5.9 

140 

20 

85.594 

-89.401 

1014.2 

-7.1 

141 

21 

85.566 

-90.239 

1018.9 

-7.9 

142 

22 

85.526 

-90,216 

1022.2 

-7.5 

143 

23 

65.510 

-90.  019 

1019.5 

-7.3 

144 

24 

85.497 

-89,835 

1017.8 

-6.9 

145 

25 

85.494 

-89.733 

1012.  3 

-8.1 

146 

26 

65.496 

-89,721 

1022.6 

-9.2 

147 

27 

85.494 

-89.576 

1026.8 

-9.2 

148 

28 

65.500 

-89.530 

1022.1 

-8.5 

149 

29 

65.489 

-89.610 

1016.0 

-7.2 

150 

30 

65.465 

-89.69b 

1015.6 

-4.5 

151 

31 

65.455 

-69.938 

1018.1 

-4.3 

BUOY (  7  > 

LAT 

LON 

P 

T 

JULY 

79 

(N) 

(♦E.-8I 

(HB) 

<C> 

182 

1 

8  5.464 

-93.975 

998.5 

1.4 

18  3 

2 

d  5  •  4  79 

-93.545 

1003.0 

2,1 

184 

3 

85.493 

-93.115 

1004.6 

3.0 

165 

4 

65.506 

-92.706 

1005.4 

3.1 

18  6 

5 

65.460 

-93.352 

1008.6 

2.2 

187 

6 

65.431 

-93,446 

1009  .0 

1.7 

168 

7 

85.399 

-93.637 

1002.5 

2.0 

189 

8 

65.385 

-93.659 

1001.9 

3.1 

190 
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Graphical  Data 

The  plots  show  contours  of  surface  pressure  at  1200  GMT.  The  daily  displacement 
of  each  buoy  is  indicated  by  a  vector  originating  at  the  symbol  o  which  marks 
the  position  of  each  buoy  at  the  beginning  of  each  day.  A  vector  of  length  1  cm 
corresponds  to  a  displacement  of  20  km.  Vectors  terminating  in  the  symbol  x 
denote  displacements  larger  than  20  km.  Buoy  positions  and  displacements  are 
not  plotted  when  the  data  did  not  permit  good  displacement  estimates.  (See 
30  June  for  example.)  Usually  the  pressure  measurements  were  still  reliable 
at  these  times  and  were  used  to  construct  the  pressure  field. 
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